Previous studies indicated that the teichoic acid isolated from strains of Streptococcus sanguis was group specific and defined the Lancefield group H streptococci. To determine the specific antigenic determinants, the antigen was extracted from a group H streptococcus (ATCC 903) by the phenol-water method and purified by column chromatography. The isolated antigen had a glycerol/ phosphate/glucose molar ratio of 1:0.9:0.3; the lipid concentration was 7.6% of its dry Weight. No nucleic acids were detected, and amino acids constituted approximately 2% of the dry weight. The minimum concentration of antigen required to sensitize erythrocytes for hemagglutination with a 1:1,P00 dilution of either group H antiserum or antiteichoic acid serum was 0.02 ,ug/ml. Hemagglutination inhibition studies suggested that the major antigenic determinant consisted of an a-glucose linked to the glycerol phosphate backbone.
The importance of Streptococcus sanguis in both dental plaque formation and in subacute bacterial endocarditis has been pointed out in several recent reviews (15, 33, 35) . Indeed, one of the names originally coined for this species was Streptococcus s.b.e. (21) , although it was subsequently changed to S. sanguis (36, 37) to indicate that most of these strains were isolated from blood cultures. The relationship of this species to the Lancefield group H has a long and confused history which has been reviewed by Cole et al. (6) and Colman and Williams (7) . Among the problems leading to the confusion regarding the serology of group H was that the Lancefield (20, 21) and hot formamide (12, 14) methods usually used to obtain the antigens often extracted different components and in some instances may have destroyed some of the antigenic activity (3, 7, 23) . Additionally two different antisera have been employed to detect the group H antigen: the so-called "English group H" (Roger Cole, personal communication), which uses S. sanguis strain Blackburn (NCTC 10231)-as the immunogen, and the "American group H," which uses strain F9OA (Perryer, ATCC 12396) which is an S. sanguis (7, 29) or a strain K208 (ATCC 8144) which is not S. sanguis (7, 29, 31) as the immunogen. On top of this rathet tenuous foundation, the capillary precipitin test used to detect the serological reactions could not distinguish between single and multiple cross-reacting antigens, and therePresent address: Merck & Co., Rahway, NJ 07015.
fore positive tests were often due to different antigens (21) .
In previous studies, attempts were made to unravel the complex antigenic relationships among strains of S. sanguis by using Ouchterlony and immunoelectrophoretic analysis (28) .
These studies indicated that the Rantz and Randall (RR; 26) autoclave method gave the best resolution of the attigenic components among the strains tested. An antiserum prepared against an S. sanguis strain isolated from dental plaque, designated M-5, was found most useful as a reference serum. Subsequent studies in another laboratory indicated that this antiserum gave a spectrum of activity practically identical to that of antiserum against strain Blackburn (6) . The earlier studies as well as subsequent examination of extracts of 100 strains received from around the world indicated that a negatively charged antigen, originally designated a, was common to nearly all strains identified physiologically as S. sanguis. Similar results were obtained by other investigators (6, 22) ; thus, it seemed reasonable to conclude that the a antigen represented the Lancefield group H antigen (30, 31) . This conclusion was reinforced by observations that S. sanguis strains containing this antigen had similar carbqhydrate and peptidoglycan composition in their pell walls (29) , and that their sensitivities to muralytic enzymes and bacteriophage adsorption were Saso quite similar (6) . More recently, a relationship between strains possessing the group H antigen and the adherence to saliva-coated hydroxyapatite has been reported (1) . The homogeneity of the strains containing the group H antigen is also supported by studies indicating their genetic similarity (9) . Thus, the presence of the Lancefield group H antigen appears to be a common feature of most strains of S. sanguis.
Despite the fact that the group H antigen had been characterized as a glycerol teichoic acid (28) (29) (30) (31) (32) little progress was made in identifying its specific antigenic determinant. In part this was because the teichoic acids obtained in the RR extract represented only a small fraction of the cell dry weight and were difficult to purify (30, 32) ; therefore, large quantities of cells were required to obtain sufficient antigen for study. Larger quantities of immunologically identical teichoic acids were obtained by the phenolwater (PW) method (31, 40) . Using a teichoic acid obtained by the PW method and purified-by column chromatography, we show in this report that the antigenic specificity of the group H antigen resides in an a-glucose moiety attached to a backbone of glycerol teichoic acid.
MATERIALS AND METHODS Strain and media. The strain used in these studies was labeled Streptococcus mitis ATCC 903 (obtained from the American Type Culture Collection). Detailed biochemical studies have shown that the species designation is a misnomer because this strain produces ammonia from arginine (4, 7, 11, 31) and, unlike S. mitis, contains a glycerol teichoic acid. Studies of its cell wall composition (7, 29) and DNA hybridization (9) indicated that it was more closely related to S. sanguis than to S. mitis. The advantage of using this strain is that it is a serotype 1 organism (29) in which only the group antigen was detected in crude RR extracts tested against a reference group H antiserum. Moreover, the group H antigen extracted from this strain gave identity reactions with both RR and PW extracts of 100 strains of S. sanguis examined. Stock cultures were maintained at -70°C in brain heart infusion broth (Difco Laboratories). The cells used for antigen extraction were grown for 18 h at 37°C in brain heart infusion broth supplemented to yield a final glucose concentration of 0.5%. The cells were harvested at 4°C and washed three times with 0. 15 (40) . The aqueous layers were dialyzed, treated with DNase and RNase (30, 32) , dialyzed against 8 M LiCl followed by distilled water until free of Cl-, and lyophilized.
Column chromatography. The extracts were fractionated on Sepharose 6B (Pharmacia Fine Chemicals, Piscataway, N.J.) with an exclusion limit of 1,000,000 daltons. A 2.5-by 50-cm column was used with 0.15 M NaCl as eluant at a flow rate of 15 ml/h; 2-ml fractions were collected. Blue dextran (2,000,000 daltons) was used to determine the void volume; calibration of the column was completed by using dextrans of 150,000, 70,000, 50,000, 40,000, and 10,000 daltons. The column was monitored for antigens by using rocket immunoelectrophoresis (RIEP), hexose concentration, phosphorus concentration, and absorbance at 260 nm.
Lipid extraction. A sample of 2 mg of the pooled lyophilized fractions obtained from column chromatography was dissolved in 1 ml of water and extracted with 4 ml of chloroform-methanol (CM; 2:1, vol/vol) at room temperature (41) . The extract was centrifuged at 12,000 x g for 1 h and the chloroform and water layers were separated; the extraction was repeated twice more. Both the CM-soluble and water-soluble fractions were dried and tested for the presence of antigens by using IEP and hemagglutination (HA) tests; fatty acid analysis and phosphorus were also determined in both fractions.
Serological methods. The methods of preparation of the reference group H antiserum (M-5) and the antiteichoic acid serum (specific for the polyglycerol phosphate backbone of teichoic acids) have been described previously (28, 31) . The methods of IEP, Ouchterlony tests (28) , quantitative precipitin reactions (18) , hapten inhibition (18) , and HA (17) have also been reported. Hapten inhibition of HA was carried out by mixing 50 ,ul of inhibitor (0.1 to 100 ,umol) with an equal volume of M-5 antiserum to yield a final serum dilution of 1:1,000. The serum had previously been absorbed with sheep erythrocytes (RBCs) to remove any nonspecific hemagglutinins. The inhibitor was incubated with the antiserum for 1 h before the addition of RBCs sensitized with teichoic acids obtained from peak 3 of the fractionation on Sepharose 6B (see below). The concentration of teichoic acid used for sensitizing RBCs was 0.16 ,ug/ml. Controls for the effect of inhibitor on sensitized cells were done at the highest concentration of inhibitor in the absence of serum. In addition the effect of deacylated cardiolipin (17, 18) and fixed concentrations of other haptens on the reduction of titer of both group H antisera and the anti-teichoic acid serum (32) was tested. Rocket IEP was performed on 2-by 3-in. (ca. 5-by 7.5-cm) glass plates coated with 12 ml of agarose containing group H or anti-teichoic acid serum at a final dilution of 1/50 in a barbital buffer (2) . Electrophoresis was carried out at 3 V/cm; this system could detect 0.1 ,ug of teichoic acid per ml with either antiserum.
Chenical analysis. Phosphorus was determined by the method of Chen et al. (5); hexose was determined by the phenol-sulfuric acid method (25) ; rhamnose was determined by the 10-min Dische and Shettles technique (10) . The Nelson test was used to estimate the release of reducing groups during hydrolysis (24); estimation of reducing sugar after hydrolysis at 1000C indicated that 2 N HCl for 2 h gave maximum release of sugars. Glycerol and individual sugars were estimated by gas-liquid chromatography as described previously (29) . Analysis for amino acids and hexosamines was performed on samples hydrolyzed in 6 N HCI in vacuo as described previously (27) . Fatty acid content was estimated by hydrolyzing at 100°C in methanolic HCI followed by analysis of the fatty acid esters by gas chromatography with a 6-ft (ca. 1.83-m) stainless Gas 155-fold greater than that of peak 3 (Table 1 ). Figure 2 shows that IEP patterns of the pooled teichoic acids in each peak tested against the group H reference serum and anti-teichoic acid serum; it is clear that there is both size and charge heterogeneity among these teichoic acids. It was assumed that the trailing seen in the IEP (peak 2) was associated with aggregates or micelles formed by hydrophobic interactions of the lipids as has been reported by Wicken and Knox (43) ; the apparent large molecular weight of this fraction can also be attributed to such lipid micelle formation. Peak 3 was chosen for further study because its composition (Table 1) was similar to that reported for other membrane lipoteichoic acids from streptococci (42) (43) (44) and lactobacilli (18, 19, (40) (41) (42) . The total recovery from the column was 73% of dry weight of material applied; peak 3 was 28% of the material applied to the column; peak 4 was 32% of the material applied. Similar ratios were obtained in terms of phosphorus recovery. The concentration of alanine may be low due to failure to control pH during extraction (13) . Nearly 81% of the dry weight of material recovered in peak 3 was accounted for in terms of phosphate, glycerol, glucose, and lipid (Table 1 ). In addition, the nearly 1:1 ratio of glycerol to phosphate, the lack of detectable nucleic acids, the very small amount of antigen required to sensitize the RBC, and a single band in IEP indicated this preparation would be suitable for immunochemical stud- ies designed to determine the antigenic spec ity of this teichoic acid. Immunological specificity. Precipitin cu for peak 3 and an RR teichoic acid isolated f an RR extract (30, 32) are shown in Fig. 3 . larger quantity of antibody precipitated by PW teichoic acids compared to the RR consistent among various batches of antige well as different pools of antisera. HA react indicated that at a 1/1,000 dilution of grou antiserum, 0.02 ,ug of the PW peaks per ml sufficient to sensitize cells for the passive test, whereas 3.1 ,g of a comparable-moleci weight RR fraction per ml was required. extreme sensitivity and specificity of the reaction has been employed in many studic define the antigenic determinants of teic acids (17, 18, 41, 42) . The results of ha inhibition of the HA reaction ( these studies a-methyl-glucose reduced the titers of group H antiserum fourfold; galactose and a-lactose reduced the titer twofold, but plactose had no effect. Sucrose reduced the titer threefold. Mannose, p-methyl-glucose, glycerol phosphate, and deacylated cardiolipin (0.7 ,umol) had no effect on the titer. In contrast, the titer of the anti-teichoic acid serum was reduced fourfold with 0.7 ,umol of the cardiolipin, and no effect on HA titer with anti-lipoteichoic acid serum was observed with glucose, a-methylglucose, p-methyl-glucose, or glycerol phosphate.
Effect of lipid on HA. The large concentration of lipid in peak 2 ( nature of the serological determinant was not established. Primarily this was due to the difficulty of obtaining reasonable quantities of purified antigen using the RR method usually employed for extracting this antigen. The PW method employed for the extraction of group D (39, 43) and group N (42) teichoic acids as well as other membrane teichoic acids (40, 41, 43) appeared to be a better source of the group H antigen. The antigen obtained after column chromatography (peak 3) was reasonably clean; no nucleic acid was detected, and approximately 2% amino acids were found. Approximately 85% of the dry weight was accounted for; this figure is similar to others reported for teichoic acid analysis (40, 41, 43) . Although the alanine concentration was low for lipoteichoic acids, this was probably related to the lack of pH control during extraction. Fisher et al. (13) have shown that it is necessary to maintain a low pH during extraction to prevent hydrolysis of the alanine ester. An effort to further purify the teichoic acids with the liposome method (34) seemed unlikely to provide additional information regarding the serological specificity. Moreover, the yields would be very small, and it was probable that even if such highly purified teichoic acids were obtained, they would become contaminated because of their tendency to bind both hydrophobic and hydrophilic molecules (Katona et al., J. Dent. Res. 60:485, 1981) . The apparent large molecular weight of the fractions isolated (peaks 2 and 3) is probably due to micelle formation associated with the high lipid concentration. As reported for other similar membrane teichoic acids, the group H antigen represents approximately 1 to 2% of the cell dry weight. The presence of hexose substituents is also common among membrane teichoic acids (43) .
The major serological specificity of the group H teichoic acid appears to reside in the glucose moiety. Based on the average molar ratio shown in Table 1 , a single sugar substituent for every three glycerol phosphate units is postulated, suggesting that the teichoic acid is not highly substituted. If the glucose were present as a disaccharide or oligosaccharide, then even larger portions of naked backbone would be present. However, the effectiveness of glucose, a-methyl-glucose, maltose, a-lactose, and sucrose (aglucopyranosyl-fructofuranoside) in inhibiting HA suggests that the glycoside consists of a glucose unit which probably is a linked to the backbone. The inhibition with P-gentiobiose (P-1,6-glucopyranosyl-D-glucose), but not with cellobiose (P-1,4-glucopyranosyl-D-glucose), may reflect the more rapid muta-rotation of the former compared with the latter. Some antibodies against the galactose were detected, suggesting the possibility that the small amount of galactose present (0.08 pmol/mg) may also induce antibodies. (It is also possible that the galactose is contaminated with small amounts of lactose, which is a potent inhibitor.) A weak reaction with concanavalin A detected by IEP (unpublished observation) and the reaction with the PW group D antigen also supports the conclusion that the major antigenic determinant of the H antigen is an a-glucose linkage. The inhibition of HA with glycerol phosphate may indicate that the part of the backbone teichoic acid is included in the determinant(s); it was also possible that the inhibition with glycerol phosphate might represent a nonspecific inhibition associated with the highly negatively charged molecule. However, since glucose phosphate did not inhibit the reaction, this explanation seems unlikely. Although the failure to obtain inhibition with deacylated cardiolipin appears paradoxical relative to the inhibition with glycerol phosphate, it is possible that the former indicates a lack of polyglycerol phosphate antibodies, whereas the latter indicates that the whole determinant consists of a portion of the glycerol phosphate backbone coupled to the a-glucose. This idea is consistent with the observation that the antigenic determinant can often include part of the backbone (18, 19) . HA studies of the anti-teichoic acid serum indicated that deacylated cardiolipin was a potent inhibitor, whereas glycerol phosphate did not inhibit effectively. Thus, the idea that the group H determinant consists of the a-glucosyl glycerol phosphate seems tenable.
The lipid portion of the teichoic acids has been associated with a number of biological proper-VOL. 38, 1982 on September 29, 2017 by guest http://iai.asm.org/ Downloaded from ties (38, 44) . In particular there is some controversy regarding the importance of the covalently bound fatty acid for sensitizing RBCs for HA (8, 31, 44) . The results of our studies (Table 3) suggest no direct quantitative relationship between either total or specific lipids and the ability to sensitize the RBCs. However, .the CM extraction appeared to increase markedly the hemagglutinating activity of the water-soluble teichoic acids, suggesting that removal of free lipids may enhance the hemagglutinating activity. The simplest explanation for these results is that free lipids can sterically interfere with the sensitization of RBCs for HA, supporting the hypothesis that the lipid portion of the lipoteichoic acid is responsible for binding to RBC membranes. This idea is also supported by the decrease in specific sensitizing ability of the CM-soluble fractions ( Table 3) .
The composition of the group H antigen is similar to that of the other membrane lipoteichoic acids obtained from streptococci and lactobacilli (43) ; the methods of extraction are also consonant with the presumption that it is membrane bound. Our previous studies (30, 32) also suggest that like other teichoic acids, it is found in the cell wall in a relatively deacylated form and in this form it may be secreted into the medium. Thus, the group H antigen appears to be entirely homologous with the group N and D antigens and other membrane teichoic acids found in the gram-positive bacteria.
